Abstract: "Our Common Future" harmonized development policies around a new sustainable development (SD) paradigm, and experts also emphasize the importance of a democratic and equitable approach to define and achieve sustainable development. However, SD targets and indicators are often defined by a suite of experts or a few stakeholder groups, far removed from on-the-ground conditions. The most common expert-led development framework, the United Nations' Millennium Development Goals (MDGs), promoted one set of targets and indicators for all developing countries. While progress towards these targets was routinely reported at the national scale, these targets may not reflect context-specific sustainable development. We evaluated the relevance and comprehensiveness of MDG 7 (environmental sustainability) for Nepal. Although Nepal has met most of the MDG 7 (e.g., forest cover, protected areas coverage, water and sanitation), on closer inspection these indicators do not provide adequate context for ensuring that these targets provide the intended levels of development. Simple forest cover and protected area indicators belie the dearth of ecological conservation on the ground, and water and sanitation indicators do not reflect the inequality of access based on poverty and regions. While the Millennium Development Goals align with broad sustainability concerns in Nepal, these indicators do not reveal its true development conditions.
Introduction
Since the establishment of the United Nations in the late 1940s, international development goals have been a powerful driver of international cooperation as well as policy harmonization or convergence [1] [2] [3] [4] [5] [6] . Interest in development measures other than economic growth (such as environmental quality or social equity) was low until the late 1980s, when sustainable development (SD) finally emerged as a new development paradigm [1, [7] [8] [9] [10] [11] [12] [13] [14] . As a result, cross-sectoral development projects and sustainability assessment frameworks began to proliferate after the 1990s [11, 15, 16] .
The term "development" is often used interchangeably with "sustainable development" to indicate a confluence between economic viability, inter and intra-generational justice and equity, and environmental protection [4, 17] . The most popular attempt to operationalize SD is the United Nations' (UN) Millennium Project, initiated in September 2000, using a suite of goals (8) , targets (21) , and indicators (60) to monitor each country's progress until 2015. These Millennium Development Goals (MDGs) were a standard bearer for the systematic monitoring and promotion of international development [15, 18] , and were one of the few that recognized SD as more than economic growth [19, 20] . Many viewed the effort as a culmination of past commitments and rhetoric of the UN and Organisation for Economic Cooperation and Development (OECD) members into a single, comprehensive development framework [3, 15, 18] . However, the project was not an across-the-board success, and the MDG framework has been criticized as contributing to the project's mixed record of success [20] [21] [22] [23] [24] .
Like many global assessments, MDGs downplay the lack of comparable data; methods for data measurement can vary by country, and different countries may have different SD priorities. This produces unreliable and suspect rankings among countries [21] . Additionally, inequality and poor governance have long been associated with poverty and slow development, but these were mostly overlooked by the MDGs [15, [25] [26] [27] [28] [29] . Many argued that using the MDG targets as a common measure of success for all developing countries was unfair, and could encourage the 'misrepresentation of outcomes' and the distortion of statistics [20, 21, 28] . Finally, the participation of developing countries in setting international development goals was limited to soliciting feedback and endorsements from heads of state, as is common for many top-down sustainable development assessments [5, 11, 15, 26, 27, 30, 31] . Many donor agencies and national governments have used MDGs as their "consensus objectives" to define development needs at national and local levels, without paying much heed to local contexts and riorities [15] . Without information on context, crucial issues are often missed, such as data availability, available grassroots support, and practicality/applicability [11, 15, 26, 32] . This can hinder the implementation of development policy and the effectiveness of the development targets and indicators, due to a failure to acknowledge the diversity of needs stemming from the uneven pace of development [15] .
There are growing calls to review the impacts of MDGs on developing countries [15, 24] , particularly as the UN transitions to the new "Sustainable Development Goals" process that continues the work of the Millennium Project. For example, in one study, less than half of the 126 countries showed any marked improvement by 2010, and at least 30% either showed no improvement, or regressed in half of the indicators examined [24] . Fukuda-Parr (2008) examined the impact of MDGs on the Poverty Reduction Strategy Papers (PRSPs) of 22 developing countries. (PRSPs are national development plans that are expected to reflect a government's priorities, policy reforms and action plans in relation to poverty reduction. PRSPs are required by the International Monetary Fund (IMF) and the World Bank from the developing countries to apply for any kind of funding as a part of their poverty alleviation and development initiatives.) While MDGs received a high degree of acceptance by nations and donor agencies, this did not translate into an influence of resource allocation and planning frameworks [15] . This finding is similar to Happaerts's (2012) analysis of the influence of international SD policies on operational goals and instruments at the subnational levels [6] . Conversely, Official Development Aid (ODA) from aid agencies can be sensitive to the progress that developing countries were making toward MDG targets [33] . Since the adoption of MDGs, the flow of ODA has concentrated more toward the countries performing poorly in achieving MDG targets (the MDG score index was introduced and used to rank countries in terms of their performance in their progress toward MDG targets [33] ).
Given the influence that the MDGs can have on development aid and government policies, we wanted to determine how well the MDG framework reflects the state of development conditions on the ground. We focus on Nepal, as it is a biologically and culturally rich country with a significant sustainable tourism sector. Any lack of development progress should be detected by MDG indicators, as the government has explicitly committed itself to develop Nepal beyond "Least Developed Country" status in a sustainable manner [34] . First, we describe our methods and provide a bird's eye view of the MDGs as compared to the national development framework for Nepal in Section 2. In Section 3, we evaluate the MDG Goal 7 (Environmental Sustainability) indicators to determine their relevance and effectiveness for Nepal. Lastly, in Section 4, we summarize the limitations of expert-generated SD indicators in national or local contexts, and provide recommendations based on our findings.
Materials and Methods

Case Study Background: Nepal
Sandwiched between two economic giants (i.e., India and China), Nepal is one of the 48 least developed and lowest income countries in the world [35] . Nepal, a country with a population of over 28 million, had a GNI per capita (at purchasing power parity) of US $2500 in 2015, which put it in a low-income category [36] . Nepal is divided into 75 governance districts, 14 zones and five development regions. Occupying a total of 147,181 km 2 , Nepal is ecologically and culturally diverse, with the Himalayas in the north, hills and fragile land structures in the central region, and fertile lowlands and plains in the south, constituting 35%, 42% and 23% of its total land area respectively [37] .
Nepal had a state-controlled political system until 1990, after which it adopted a multi-party democracy system following the historic people's movement. Development progress has been severely hampered by several periods of political unrest, including a ten year long Maoist insurgency (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , an appropriation of political power by the Monarchy afterwards, the people's movement of 2007 and the subsequent abolishment of the Monarchy in 2008, and a political impasse resulting from a delayed Constitution-making process 2008-2015. On the other hand, the political transformation in 1990 had allowed an upsurge of pluralism and promoted a market-oriented, neoliberal economy [38] . The active participation of private sector actors and a rise in the number of non-governmental organizations have made some targeted progress towards development goals. Nevertheless, Nepal's development has not been satisfactory mainly due to long-standing issues such as a lack of infrastructure, energy sources and stable financial resources, weak governing institutions, slow reforms, and a lack of transparency [39] . These challenges have put Nepal into a "poverty trap" [40] . Despite an abundant flow of foreign aid and existing development programs, the country's socio-economic and environmental conditions continue to remain unsatisfactory [38,39].
Before the Adoption of MDG
Since 1990 (the baseline year for the MDGs), Nepal has completed five periodic development plans, of which two (Eighth and Ninth) were formulated before 2000 (Table 1 ). National priorities have been identified based on three categories: target setting, budget allocation, and commitment shown through specific programs. Nepal realized, at the beginning of the Eighth Plan (1992 Plan ( -1996 , that economic growth alone may not be sufficient to rescue the nation from the quagmire of poverty and hunger [41, 42] . Specific programs were initiated during the Eighth Plan to improve the livelihoods of the poor at community and village levels. The main focus of the development plans in the early 1990s were: the devolution of power to local bodies; mitigation of social and economic disparities between regions (hills/mountains versus plains/valleys); optimization of means and resources to enhance national production; economic liberalization; development and modernization of the agriculture sector; infrastructure development to improve social services (such as communication, transport, energy, health care, education, drinking water and sanitation); and the efficiency and effectiveness of foreign assistance. 
Post MDG Adoption
The development focus for Nepal changed around 2000, particularly because of the Maoist insurgency and the socio-economic and infrastructural damages that it caused [43] [44] [45] . Peace, rebuilding/reconstruction, and reintegration were prioritized in the 2000s. In the late 2000s, the country remained preoccupied in building a structural and legal base for its transformation to a Federal Democracy. However, poverty alleviation, mitigating regional and social disparity in access to basic facilities, decentralization and participatory planning, private sector development, market liberalization, and the revival of the economy still remained priorities of the Tenth, Eleventh and the Twelfth Plans (Table 1) . Since the 1990s, the devolution of power to local governments and mobilization of private sector and Non-Governmental Organizations (NGO) actors in development activities have become major development strategies. The most recent Plans have increased the number of targeted programs to improve socio-economic conditions of poor, vulnerable and marginalized populations through skill-based/entrepreneurship training and capacity building programs, microfinance and rural loan programs, and by improving their access to education and health care. The success of these programs is debatable, given the regional and caste or ethnic disparity that still exists in multiple dimensions of development across the country [39, [46] [47] [48] .
The Tenth Development Plan (2002 Plan ( -2007 , has been frequently cited as a strategic document for poverty alleviation or the country's PRSP [43] . Consistent with what Fukuda-Parr (2008) found in the PRSPs of 22 other developing countries, the key focus of the Nepalese PRSP was poverty alleviation, health, education, and gender equality (Table 1) . While the Tenth Plan was vague on how to expedite Nepal's progress toward MDG targets, it explicitly underlined the Government of Nepal's (GoN) commitment to "provide necessary information in the specified time about the indicators" [43] . The Eleventh and Twelfth Plans on the other hand were clear about the government's interest in prioritizing national development goals that aligned with the MDGs, and to fast-track Nepal's progress toward MDG targets.
While socio-economic development has been the crux of Nepal's development agenda since the beginning of democratic governance in Nepal, environment-related concerns have mainly stemmed from issues such as the illegal trade of wildlife and forest resources [42, 49] . The Ninth Plan (1997 Plan ( -2001 remained focused on raising awareness about the significance of biodiversity (especially rare and endangered species) and the importance of local-indigenous knowledge. Similar to forest resources, an emphasis on water resources has remained consistent throughout development plans, primarily for their importance to energy (hydropower) generation, residential water supply, flood-control, irrigation, and industry [41, 50] .
In the 1990s, Nepal signed a number of international and regional accords (Rio Convention, UN Convention on Biological Diversity, Ramsar Convention on Wetlands, Kyoto Protocol, South Asian Cooperation Environmental Program, etc.), which centralized ecological integrity and sustainable development in Nepal's development agenda. As a result, a number of environmental acts were signed into law and conservation strategies were developed. In 1994, the GoN facilitated the Biodiversity Profiles Project with financial support from the Government of the Netherlands, and released the first Biodiversity Profiles of Nepal, a comprehensive and scientific documentation of biological diversity in Nepal [51] . However, due to a lack of institutional capacity, financial resources, public awareness, and technical expertise, conservation strategies developed during this period were not as effective as desired [43] . Furthermore, although the Plans highlighted environmental problems from excessive deforestation and rapid urbanization, development plans in the 1990s did not prescribe actions to mitigate them [41, 42] .
The 1990s sustainability-related global initiatives introduced environmental consciousness and SD concepts into Nepal's development framework [43] . Environmental education was integrated into the school curriculum from the primary to the University level, and environmental sustainability received greater nation-wide attention, which led to the institutionalization and accelerated growth of environment-related NGOs (from 386 in 1997 to 1196 in 2007) [37, 43, 44] . The Eleventh Plan (2008-2010) played a key role in institutionalizing environmental monitoring and auditing frameworks, and in mainstreaming climate change and environmental concerns into political and development agendas. International commitments made during early Plan periods (such as Kyoto Protocol, Clean Development Mechanism, Biodiversity Conservation Strategy) were acted upon at various scales in collaboration with INGOs, NGOs, and community-based organizations (CBOs) [44, 45] . By the Twelfth Plan (2011-2013), Nepal had developed and implemented a number of conservation projects, regulatory policies and standards, and a National Adaptation Plan of Action for climate change [45] . (Drinking water and sanitation are listed as social sector or health sector issues due to their strong correlation with water-borne diseases and are not in the list of environmental issues in the Periodic Plans of Nepal [43, 44] .)
Content Analysis
We used content analysis to evaluate all development plans completed since the 1990s by the Government of Nepal (GoN) to examine their alignment with the MDGs. We identified the major development goals of the country over the past 25 years (from 1990 to 2015) based on the targeted programs and sectoral budget allocations as stated in the development plans. Additionally, we used data obtained from the GoN and UN affiliates' websites, peer-reviewed journal articles, and grey literature from national and international governments for our analysis of MDG 7. We used online database systems such as Google Scholar, Web of Science and ProQuest to search for journal articles related to each MDG 7 indicator. We then used directed content analysis to conceptually extend our hypothesis that top-down indicators do not adequately capture Nepal's progress toward sustainable development. Directed content analysis relies on existing theory or research to identify coding categories [52] . For each environmental indicator used by the Millennium Project, first we reviewed the background (in UN MDG reports) that justifies its selection as an indicator of the given environmental goal. We then reviewed Nepal's progress towards the target set for each indicator as reported in Nepal MDG Progress Reports and national survey reports. Finally, we examined two aspects of each indicator: (i) how the general background that supports the selection of the indicator applies to Nepal; (ii) how the reported target reflects or does not reflect Nepal's actual progress on the ground. We accomplished the last two tasks through a review of government reports, survey reports, peer-reviewed journals and grey literature produced by various government and non-governmental organizations.
Goals and Indicators Analysis
"Development" is a multidimensional concept that embodies "values, goals and standards which make it possible to compare a present state against a preferred one" [1] . Time-bound targets are often used to quantify development goals [31] , and indicators are a set of variables that indicate a system's progress toward those targets. Development indicators may be used to: (i) diagnose a particular development situation; (ii) make development-related predictions, and (iii) evaluate progress of a system toward predefined development targets [2, 11] . Development indicators can also be used to encourage development activities, decisions, or policy reforms [11, 14, 32] . One development goal may have several indicators, tailored to the stage of development and the context in which the development is taking place [2] .
We examined each of the indicators for MDG 7 against commonly supported characteristics of appropriate and effective indicators for assessment. Some of the frequently cited guidelines for the selection of indicators are:
(i) Indicators must be practical: Availability of data or sound methodology to collect new data for any given indicator is what makes it practical [1, 11, 32, [53] [54] [55] (e.g., female literacy rate is a practical indicator of women empowerment in Nepal, because pertinent data are collected on a regular basis for Annual Household Survey). (ii) Indicators must be sensitive: Sensitivity to change across time, space and social distribution in the system is the important feature of indicators [11, 53] . (iii) Indicators must be relevant: Relevance of the indicators is essential to ensure their utility as a decision-making tool [11, 32, 53, 55, 56] (e.g., total number of marine protected areas may be a relevant indicator of biodiversity conservation in India and Sri Lanka, but it is irrelevant in the case of Nepal because Nepal is a land-locked country). (iv) The number of indicators must be manageable and comprehensive: Too many indicators can make the assessment too complicated, expensive and difficult to manage. Indicator sets should be both manageable in number and also comprehensive [2, 32, 54] .
We used these four characteristics to evaluate MDG 7 indicators in the context of Nepal.
Results and Discussion
In this section, we evaluate the environmental indicators in the MDG assessment framework for Goal 7. As stated above, we first provide a background of the indicator or indicator set. We then outline the national trends or status of the indicator/s. Finally, we evaluate each indicator primarily based on its relevance and comprehensiveness in the Nepalese context. We omitted the indicators that are obviously irrelevant to Nepal (e.g., marine protected areas, since Nepal is a land-locked country) or are omitted from global and national MDG reports (even if they were in the original MDG list).
Target 7A. Integrate the Principles of Sustainable Development into Country Policies and Programmes and Reverse the Loss of Environment Resources
CO 2 Emissions and Energy Consumption
Background: The implementers of the Millennium Project in Nepal did not set targets for climate change indicators: CO 2 emissions, energy consumption, or energy use per unit of GDP [38] . Reduced or steady CO 2 emissions per capita was assumed to meet the energy efficiency goal (energy use per unit of GDP), implying sustainable economic growth [38] .
Increasing CO 2 emissions puts the global community at risk from climate change, including more extreme and more variable weather events [57, 58] . In Nepal, climate change impacts have been observed in agriculture (e.g., erratic rainfall patterns, increased incidence of pest and diseases, food insecurity), biodiversity loss, glacier melting (increasing the probability for glacial lake outbursts and downstream flooding), and reduced energy generation (hydroelectricity-hydropower is the primary source of electricity in Nepal [46] ) and water supplies [59] [60] [61] . Political commitments to combat climate change and promote SD have focused primarily on greenhouse gas (GHG) emissions reduction [62] [63] [64] [65] ; the mitigation-focused "CO 2 emissions" as an MDG indicator is indicative of this lack of attention on other mitigation (e.g., land use change, albedo) and adaptation strategies.
Current state: Nepal's CO 2 emissions increased by almost 600% between 1990 and 2011, mainly from transport fuel and firewood combustion [36] . However, Nepal's per capita emissions were very low at 0.16 metric tons in 2011, when compared to average emissions of 10 (for developed regions) and 3 (for developing regions) metric tons per capita [36, 66] .
Evaluation based on Nepalese context: The relevance of per capita CO 2 emissions as an indicator for energy efficiency and SD is debatable for Nepal, where industrial production is minimal (contributing 15% to GDP, and responsible for about 8% of the national energy consumption [67] .) and the majority of total energy consumption goes toward meeting basic needs such as cooking and heating ( Figure 1 ). Low CO 2 emissions per capita in Nepal therefore do not translate into improved energy intensity or sustainable economic development, as almost 85% of Nepal's GDP is generated by traditional agriculture and service sectors, which, combined, consume less than 10% of total energy consumption [39, 67] . Moreover, the majority of Nepal's CO 2 emissions result from the combustion of transportation and household fuels [38] . The relationship between CO2 emissions and the nation's economy is complicated. Major energy sources (i.e., firewood, agricultural waste, animal dung) can be carbon neutral, are generally obtained by the people free of cost, and may not directly involve any economic transactions [68] . Nepal can reduce its CO2 emissions per capita and energy use per GDP as a result of growth in the service sector and increased flow of remittances [39, 69] , with no improvement in SD.
Thus the focus on CO2 emissions and energy use per GDP overlooks many of the environmental problems associated with energy use and production in Nepal, some of which are more relevant than CO2 emissions. These two indicators also obscure many environmental problems related to the kinds of energy sources used in Nepal. The majority of households use traditional technologies and fuel types (Figure 1 ), which are characterized by low energy efficiency and high emissions of indoor air pollutants [70, 71] . Burning of unprocessed biomass fuels (such as firewood, agricultural wastes and animal dung) releases particulate matter (PM10 and PM2.5) that can contribute to regional climate change [72] [73] [74] [75] [76] [77] . Black carbon (a form of PM2.5) can change regional radiative budgets, cause aseasonal glacier melting, and impact the hydrological cycles in the region [74, 76] . Black carbon and other indoor air pollutants are generated in excess amount in traditional stove types, but also in some improved (unprocessed) firewood-burning cook stoves [70] .
A number of studies in Nepal have shown a strong correlation between particulate matter from traditional cook stoves and diseases like acute lower respiratory infection, chronic bronchitis, and chronic obstructive pulmonary disorder [78, 79] . Respiratory disease is one of the leading causes of death in Nepal, causing more deaths annually than the diseases used as SD indicators in MDG 6 (tuberculosis, malaria and HIV/AIDS) [79, 80] . Women and children generally spend more time than men near cook stoves, and the pollution disproportionately impacts women and young children [71, 79] . Furthermore, firewood (and water) collection in many areas takes up a considerable amount of time, leaving limited time for women and girls for education and income-generating activities [81, 82] . Additionally, more than 95% of the bottom two consumption quintiles in Nepal rely primarily on either firewood or animal/agricultural wastes as a primary cooking fuel, while almost 75% of the richest quintile use Liquefied Petroleum Gas (LPG) as their primary cooking fuel (see Figure 2 ) [47] . Improved household energy technologies and fuel types with higher efficiency and low emissions The relationship between CO 2 emissions and the nation's economy is complicated. Major energy sources (i.e., firewood, agricultural waste, animal dung) can be carbon neutral, are generally obtained by the people free of cost, and may not directly involve any economic transactions [68] . Nepal can reduce its CO 2 emissions per capita and energy use per GDP as a result of growth in the service sector and increased flow of remittances [39, 69] , with no improvement in SD.
Thus the focus on CO 2 emissions and energy use per GDP overlooks many of the environmental problems associated with energy use and production in Nepal, some of which are more relevant than CO 2 emissions. These two indicators also obscure many environmental problems related to the kinds of energy sources used in Nepal. The majority of households use traditional technologies and fuel types (Figure 1 ), which are characterized by low energy efficiency and high emissions of indoor air pollutants [70, 71] . Burning of unprocessed biomass fuels (such as firewood, agricultural wastes and animal dung) releases particulate matter (PM 10 and PM 2.5 ) that can contribute to regional climate change [72] [73] [74] [75] [76] [77] . Black carbon (a form of PM 2.5 ) can change regional radiative budgets, cause aseasonal glacier melting, and impact the hydrological cycles in the region [74, 76] . Black carbon and other indoor air pollutants are generated in excess amount in traditional stove types, but also in some improved (unprocessed) firewood-burning cook stoves [70] .
A number of studies in Nepal have shown a strong correlation between particulate matter from traditional cook stoves and diseases like acute lower respiratory infection, chronic bronchitis, and chronic obstructive pulmonary disorder [78, 79] . Respiratory disease is one of the leading causes of death in Nepal, causing more deaths annually than the diseases used as SD indicators in MDG 6 (tuberculosis, malaria and HIV/AIDS) [79, 80] . Women and children generally spend more time than men near cook stoves, and the pollution disproportionately impacts women and young children [71, 79] . Furthermore, firewood (and water) collection in many areas takes up a considerable amount of time, leaving limited time for women and girls for education and income-generating activities [81, 82] . Additionally, more than 95% of the bottom two consumption quintiles in Nepal rely primarily on either firewood or animal/agricultural wastes as a primary cooking fuel, while almost 75% of the richest quintile use Liquefied Petroleum Gas (LPG) as their primary cooking fuel (see Figure 2) [47] . Improved household energy technologies and fuel types with higher efficiency and low emissions are imperative to meet health, gender equality, education, poverty reduction and environmental sustainability goals for Nepal and many other developing countries [71] . However, indicators for such a purpose cannot be generated without a holistic understanding of local energy systems (including energy production, distribution, use, and the socio-economic and environmental factors that govern them). 
Forest Cover
Background: According to the UN, 'forest' is defined as an area larger than 0.05-1 ha of land, 10%-30% of which is covered by trees that stand more than 2-5 m tall at maturity [83] . The Millennium Project introduced "forest cover" as a MDG 7 indicator of deforestation and depletion of carbon stocks [66] . In Nepal, at least 65% of the population is directly dependent on forests for firewood, agriculture, cattle grazing, and income [68] . Deforestation and forest degradation in Nepal lead to soil erosion and landslides, biodiversity loss, longer walks for women and children to collect firewood, habitat loss, and increased encroachment of wild animals into villages [49, 84] .
Nepal's MDG target was to increase forest cover to 40% of the total land area in 2015, from 29% in 1995 [38] . However, the adequacy of 'forest cover' as a sole indicator of forest quality, carbon sequestration, or ecosystem health is contestable [85] [86] [87] [88] . Decline in forest cover does not necessarily mean deforestation or forest degradation; it can be a result of sustainable forest management (e.g., prescribed clearcutting) or natural succession [85, 89] . Similarly, an increase in forest cover may not contribute to SD as it may include an increase in plantations (which can easily meet the definition of "forest cover" stipulated by the UN) or farmland abandonment that may not necessarily benefit the environment or local communities [86] .
Current status: The Forest Resource Assessment reported an increase in forest cover (>10% canopy cover) to 40% of the total area in 2014 from 29% in 1994 [90] . Officially, Nepal met the MDG target for forest cover. This expansion of forest area has been attributed to the growth of the community forestry system [82, 84, 88, 90, 91] , and to the migration of populations from forested to urban areas, releasing forests from harvesting pressure and increasing land abandonment and subsequent invasion by tree and shrub species [92, 93] .
Evaluation based on Nepalese context: Nepalese forests have largely remained protected from largescale, industrial deforestation primarily due to a lack of resource exploitation policies or industrial infrastructure that are common in other developing countries rich in forest resources (such as Cambodia and Liberia) [94] . However, forest degradation from grazing, firewood collection and other small-scale disturbances may result in long-term adverse impacts on forest health, biodiversity and biophysical properties, none of which are well-represented by forest cover estimates [86] . For 
Evaluation based on Nepalese context: Nepalese forests have largely remained protected from large-scale, industrial deforestation primarily due to a lack of resource exploitation policies or industrial infrastructure that are common in other developing countries rich in forest resources (such as Cambodia and Liberia) [94] . However, forest degradation from grazing, firewood collection and other small-scale disturbances may result in long-term adverse impacts on forest health, biodiversity and biophysical properties, none of which are well-represented by forest cover estimates [86] . For instance, although forest cover has grown significantly over the past 20 years, almost 68% of the total forest area is impacted by grazing, with another 30% affected by other disturbances such as residue collection, logging, bark removal and coppicing [90] .
To protect forest ecosystems and arrest forest degradation, it is crucial first to agree on the definition of forest degradation, which at the moment is vague and often understated [85, 86] . While the definition of forest health and degradation should embody socio-ecological values, indicators to monitor forest health should reflect the nature of disturbances and the intrinsic ecological properties of the forests. Only then can indicators influence management strategies and policy reforms. Participatory ecosystem services valuation has been proposed by a number of local experts to improve these ground-level forest quality assessments, through which forest managers and local communities can be made aware of the broader implications of forest degradation [84, 85, 88] .
Forest and land conservation has been a crucial element in Nepal's development plans since the 1960s [50, 95, 96] . In 1973, the GoN legislated the National Park and Wildlife Conservation Act to curb deforestation and depletion of natural resources. Since this approach paid little attention to local communities' needs and concerns (such as their reliance on these areas for food, fodder, timber and fuel), forest and land degradation continued [49] . The GoN soon realized that a participatory approach was indispensable to sustainably manage the forest, which led to the introduction of the community forestry system. The 1993 amendment of the Forest Act of Nepal supports the devolution of management and use rights of some state-owned forests to Community Forest User Groups (CFUGs). These groups hold the rights to use and manage the state-owned forestland as per legal frameworks agreed to by CFUGs and the District Forest Office [94, 96] . The GoN also introduced buffer zones to improve national forest protection [41, 42] .
There are currently over 18,000 CFUGs (an increase from 12,000 in 2001), and community forests encompass over 28.5% (It occupied just about 5% of the total forest area in 2002.) of the total forest area in Nepal [37, 43] . About 17% of forest area is managed under the protected area system, and the rest of the forest is managed by the government [90] . While community forest management has been effective in protecting forests and ensuring socio-economic development of rural communities, their benefits, specifically to poor and disadvantaged groups within rural communities, remain elusive [38, 84, [97] [98] [99] . Similarly, their contribution to resilient forest ecosystems and biodiversity is uncertain [99, 100] . However, some studies suggest that local forest users have positive attitudes towards the protection of biodiversity and forest ecosystems [101] .
Target 7B. Achieve Significant Reduction in the Rate of Biodiversity Loss by 2010
Background: Although Nepal constitutes only 0.03% of the world's total surface area, it has considerable topographic variability (ranging from 67 m above sea level to Mt. Everest, the highest peak in the world) and diverse ecological zones (ranging from tropical to nival), supporting high floral and faunal diversity [51] . Nepal's ecosystems support 4% of all mammal species, 3% of plant species, and 9% of bird species found in the world [102, 103] . However, biodiversity protection is challenged by Nepal's growing population and increasing reliance on forests and natural resources, far-reaching road networks, and human migration [49, 51] . The Millennium Project expects protected areas (PAs; e.g., national parks, strict reserves, etc.) to contribute not only to environmental protection, but also to poverty reduction and inter-generational equity [66, 104] . However, the target setting for PAs is determined simply as a proportion of total land area.
Current status: In Nepal, PAs encompass more than 23% (Includes buffer zone area; about 4% in the total proportion of the protected area is buffer zone area.) of the total land area, higher than the MDG target for Nepal of 17% [37, 38] . Nepal has altogether 20 PAs (ten national parks, three wildlife reserves, one hunting reserve and six conservation areas), and protected areas represent 80 out of 118 ecosystems (Table 2) [37]. However, Nepal lacks a complete dataset on species threatened with extinction [38] . For instance, of the 208 mammal species recorded in the national database, 38% of mammal species are data-deficient, 23% have been listed as nationally threatened with extinction and 4% of species are critically endangered [105] . Most of the conservation efforts in Nepal are focused on large mammals (such as the snow leopard, Bengal tigers, gharial, snakes etc.) and birds [51] . Evaluation based on Nepalese context: The first wildlife conservation project in Nepal was initiated in the late 1960s with the technical and financial assistance from the United Nations Food and Agriculture Organization (FAO) and the United Nations Development Programme (UNDP) [95] . The 1972 UN Conference on the Human Environment played a pivotal role in injecting environmental consciousness into development planning in Nepal [106] . However, interest in local biodiversity remained limited to a few local and international scientists until the 1990s. Since 1994, Nepal has made significant progress [51] . While 15 PAs were constituted prior to the Millennium Project, five of them (two national parks and three wildlife reserves, constituting about 17% of total protected land area) were added after 2000 [37] . Thirty-six percent of total PA is forested, while the rest supports meadows and snow-capped mountains [37, 90, 94] . However, the rich biodiversity that characterizes Nepal is not always adequately represented and conserved by PAs, which has raised questions about the contribution of PAs to conservation goals [49, 94] .
Nepal's mountains contain the highest number of ecosystems (52 out of 118 present), occupy the largest land area, have the greatest temperature and altitudinal gradients, and are the most biologically diverse physiographic zone [37, 51, 100] . Agenda 21 in the Rio Declaration also recognizes mountains as "the areas most sensitive to all climatic changes in the atmosphere" and "highly vulnerable to human and natural ecological imbalance" [107] (Chapter 13, Agenda 21 ). Yet, they occupy only 13% of the total PA coverage in Nepal ( Table 2) . Although mountains have the greatest coverage of community forests (i.e., almost 70% of the total), the protection of threatened species has mostly remained limited within the community forestry system [100, 108] . Furthermore, a study of community-managed forests in the mid-hill region showed that communities' preferences for certain species and silviculture practices are gradually changing forests into plantations [85, 100] . Biodiversity conservation has yet to be mainstreamed into community forest management in Nepal [100, 108] .
In the past 25 years, Nepal formulated a number of laws and policies relevant to PAs. However, due to weak monitoring and enforcement capabilities [94] , Nepalese PAs suffer a high rate of encroachment, illegal hunting, poaching and trafficking of rare and threatened species [51, 109, 110] . Many field offices in PAs are understaffed, and lack logistical support and financial resources to pursue management and conservation goals [94, 109, 110] . A lack of coordination among different agencies (e.g., Department of National Parks and Conservation Areas, District Development Committee, Village Development Committee, and District Forest Office) is often cited as one of the greatest challenges in meeting the conservation goals of PAs [94, 105] . The 2011 National Red List Series suggested that the primary threat to threatened species in Nepal however, is "habitat loss, degradation and alteration" [105] .
The 1992 World Park Congress agreed on the definition of PAs, as parks and reserves intended to benefit the environment and human society across multiple scales [104, 111] . While it is difficult to state with certainty if PAs in Nepal meet this definition, available evidence suggests that PAs have failed to ensure biodiversity conservation or meet the needs of local communities [112, 113] . In some places, PA objectives and regulations may conflict with basic rights (such as traditional livelihoods, collection of food, fodder, firewood, thatch, water) and the security of indigenous and local inhabitants [109, [112] [113] [114] . Conflict between parks and people is a common issue for many national parks in Nepal [109, 112, 115] . Local people around the PAs often have negative attitudes toward park management, and some view conservation projects as only benefitting the government [112, 113] . PAs are viewed more favorably if they contribute to local income through employment opportunities [109, 112] .
Tourism is one of the most important sources of foreign exchange in Nepal, and provides employment to many locals in and around PAs. PAs receive almost half of all tourists to any tourist destinations in Nepal [116] . This has been one of the key drivers for the government to convert national forests into National Parks and Reserves [114] . However, the increased volume of tourists in PAs has been associated with increased cost of products for local inhabitants, increased demand for firewood and other natural resources, and disruption to natural habitat around the PA [117] . Employment opportunities in the tourism industry have only benefitted a few, mostly well-off, people (such as lodge owners, landholders) in rural communities, while making supplies expensive and limited for poor populations [109, 117] . These stresses are particularly acute for mountain communities with limited supplies of food and forest resources. Tourism has also generated an accumulation of non-biodegradable wastes around the PAs [117] . The concept of carrying capacity has been discussed occasionally in the development plans of Nepal [42] , and several regulations focus on excess tourism in PAs. However, their implementation has remained ineffective [94, 117] , and thus the contribution of PAs to biodiversity conservation remains uncertain.
Target 7C. Halve the Proportion of People without Sustainable Access to Safe Drinking Water and Basic Sanitation by 2015
Background: Water scarcity and water-borne diseases are common problems in many developing countries [118] . Access to clean drinking water and sanitation facilities are critical to fighting diarrheal diseases, which kill about 842,000 people every year [119] . These diseases are the second largest communicable cause of premature and preventable death in Nepal [80] . Generally, "improved access to water" suggests access to water from protected or covered sources [120] , and "improved sanitation" refers to "connection to a public sewer or septic system or use of ventilated pit latrines and some simple pit latrines" [120] .
Current Status: More than 88% of the Nepalese population had access to improved drinking water in 2014 (i.e., piped water and/or water from covered wells; excluding rivers, streams, and open wells) as compared to 70% in 1995; it surpassed the MDG drinking water target of 73% [38, 47, 121] . However, these numbers tell very little about the drinking water situation on the ground, which is far from satisfactory. Only 52% of the population has access to piped water (Figure 3) , which is considered the safest source of drinking water [47, 69] . This figure is even lower for populations in low-income groups (29% for the lowest consumption quintile), and for the population on the Terai plain (19%) where more than 50% of Nepalese reside [47, 68] . In other words, almost half of the Nepalese population still lacks access to improved (piped) drinking water, and the inequality in drinking water access across income groups and regions is very wide [38, 47, 68, 122] .
far from satisfactory. Only 52% of the population has access to piped water (Figure 3) , which is considered the safest source of drinking water [47, 69] . This figure is even lower for populations in low-income groups (29% for the lowest consumption quintile), and for the population on the Terai plain (19%) where more than 50% of Nepalese reside [47, 68] . In other words, almost half of the Nepalese population still lacks access to improved (piped) drinking water, and the inequality in drinking water access across income groups and regions is very wide [38, 47, 68, 122] . Almost 67% of the Nepalese population had toilet facilities at home in 2014, as opposed to only 22% in 1995 [47, 121] . Over a quarter of the population still practices open defecation, which is detrimental to human health and the environment [47] . As for sewage infrastructure, only about 20% of the population has a proper sewer (sanitary) system (Figure 4 ) [47] and 48% of families with children practice safe disposal of children's feces [123] . This improvement rate is remarkably slow considering the increased number of NGOs and funds dedicated to this cause [37, 103] . Almost 67% of the Nepalese population had toilet facilities at home in 2014, as opposed to only 22% in 1995 [47, 121] . Over a quarter of the population still practices open defecation, which is detrimental to human health and the environment [47] . As for sewage infrastructure, only about 20% of the population has a proper sewer (sanitary) system (Figure 4 ) [47] and 48% of families with children practice safe disposal of children's feces [123] . This improvement rate is remarkably slow considering the increased number of NGOs and funds dedicated to this cause [37, 103] . Evaluation based on Nepalese context: A proper sanitary system is as crucial as having a toilet facility because, in the absence of a proper sewage system, there is a possibility for wastewater to leach into and pollute groundwater systems or nearby water sources. A recent household survey in 2014 determined that more than 70% of household drinking water sources in Nepal were contaminated with Escherichia coli (E. coli), indicating fecal contamination of drinking water sources [123, 124] . A number of past studies in the Terai and mountain regions found similar results, raising doubts about the drinking water quality of Nepal [125, 126] . This may explain why waterborne diseases are so prevalent in Nepal; children under 5 are the most affected by diarrheal outbreaks [123, 127, 128] . Conditions in urban areas are worse because, in the absence of proper sewer systems, urban sewage is often dumped in nearby river systems without any treatment [38] , allowing pollutants to disperse and travel long distances.
Despite the long history of the GoN's interest in improving people's access to improved sanitation and drinking water sources, progress has been extremely slow and uneven, with Terai populations benefiting the least [68] . The use of poor quality drinking water (usually collected from rivers, streams, or open wells), and unhygienic practices such as open defecation, are not only related to income but are also embedded as social norms in some areas. A lack of awareness about health Evaluation based on Nepalese context: A proper sanitary system is as crucial as having a toilet facility because, in the absence of a proper sewage system, there is a possibility for wastewater to leach into and pollute groundwater systems or nearby water sources. A recent household survey in 2014 determined that more than 70% of household drinking water sources in Nepal were contaminated with Escherichia coli (E. coli), indicating fecal contamination of drinking water sources [123, 124] . A number of past studies in the Terai and mountain regions found similar results, raising doubts about the drinking water quality of Nepal [125, 126] . This may explain why waterborne diseases are so prevalent in Nepal; children under 5 are the most affected by diarrheal outbreaks [123, 127, 128] . Conditions in urban areas are worse because, in the absence of proper sewer systems, urban sewage is often dumped in nearby river systems without any treatment [38] , allowing pollutants to disperse and travel long distances.
Despite the long history of the GoN's interest in improving people's access to improved sanitation and drinking water sources, progress has been extremely slow and uneven, with Terai populations benefiting the least [68] . The use of poor quality drinking water (usually collected from rivers, streams, or open wells), and unhygienic practices such as open defecation, are not only related to income but are also embedded as social norms in some areas. A lack of awareness about health and hygiene is prevalent and consistent across different income quintiles, but higher among poorer populations [129] . A case study of the Far Western region (Nepal) in 2009 suggested that one in five people in the highest income quintile still practiced open defecation ( [128] . Nevertheless, these issues have historically been treated as poverty-driven issues [130] , with little regard to socio-cultural contexts and embeddedness. Such a top-down and unilateral perception of problems have resulted in simplistic and short-term solutions such as subsidies and incentives-based solutions, which are frequently described by local activists as inefficient and unsustainable [128] . A study conducted in 2011 by the National Planning Commission (with support from several donor agencies) concluded that a lack of institutional capacity, low coordination among various actors on the ground, and unreliable technical and financial support are responsible for the poor implementation of water and sanitation policies [38].
3.4. Target 7D. By 2020, Achieve a Significant Improvement in the Lives of at Least 100 Million Slum Dwellers Background: Urbanization was often associated with better access to basic amenities, a cleaner environment, and better employment opportunities. These associations however, have declined in recent decades due to rapid and haphazard expansion of urban areas in many parts of the world [131] . Slums (or increasingly referred to as "informal settlements") are low-income settlements characterized by a lack of basic amenities, substandard housing structure, hazardous locations, and insecure land tenure [132] . A total of 43% of slum dwellers live in developing countries, even though the bulk of developing regions are mostly rural [131] . The Millennium Project recognized growth in slum populations as a key challenge to sustainable development in developing countries. As a result, the MDG 7 Indicator 32 focuses on improving the living conditions of slum populations through secure land tenure, which is assumed to improve management of the environment and human health.
Current Status: Nepal's urban population increased from 14% in 2001 to 17% in 2011 [68] . The National Population Census of Nepal does not differentiate urban populations between slum dwellers and non-slum dwellers [68] , as the government-managed cadastral system does not provide information about land rights/management in informal settlements [44, 133] . The sanitation indicator that the UN-Habitat uses to assess the living conditions of the urban poor [132] , is typically not reported separately for slum dwellers [68] . In other words, Nepal lacks a complete dataset on the size of informal settlements and the living conditions in these neighbourhoods [38] . Census attempts by NGOs and researchers have concentrated on the major cities, and largely overlooked slum populations in smaller cities [133] [134] [135] [136] [137] .
Evaluation based on Nepalese context: Most of the informal settlement populations in Nepal are migrants from rural areas or other districts, although not all of them are landless [133, [136] [137] [138] . Over 40,000 families lived in informal settlements, of which about 10,000 had landholdings elsewhere [138] . The number of people living in informal settlements (with and without landholdings) may have risen in the past decade as a result of the Maoist insurgency that disproportionately affected rural areas 1996-2005, and also because of the abolishment of bonded labor in the Terai region [114, 139] . The state provided some land plots to the most vulnerable populations, however these plots are often too small for anything other than shelter [114] . While landless populations typically suffer worse conditions in terms of security and income, even those with land are generally very poor [133] . Therefore, even if the country had an updated cadastral system with information about landlessness and land tenure, it would still not capture the total slum population in the country. The state recognizes this growing population as an important development challenge and has initiated several policies and programs to facilitate resettlement and provide socio-economic security [38, 44] . However, a lack of data to assess existing conditions inhibits the identification of more appropriate indicators and targets [114, 133] .
Conclusions
Many of the MDG environmental indicators have failed to meet all the criteria for appropriate indicators in the Nepalese context (Table 3 ). In particular, climate change and energy efficiency indicators will need major modifications to measure progress in Nepal, where the energy use and economic growth is governed by subsistence farming and tourism-based and remittance-based service sectors. Context-based research on energy sources, including pollution-reducing technologies, environmental impacts, and sociocultural contexts, is vital to generate better indicators for Nepal that are relevant, practical, adequate, and sensitive (Table 3) . However, the broader relevance of the Millennium Project to Nepal is undisputable, as many of the development priorities identified by the Government of Nepal prior to the Millennium Project overlap with one or more of the Millennium Development Goals and targets (Table 1) . Targets related to MDGs, such as access to improved drinking water and sanitation, and the conservation of forest resources, have been major development goals of Nepal since the 1970s [140] . Much of the recommendations made by INGOs (such as UNDP, FAO, WHO) to the Nepalese government in the 1970s, with regard to natural resource conservation and management, stemmed from their research of the local context and needs [95] .
Clearly the assessment of sustainable development progress is a social process that requires grassroots initiatives to reveal local context [141] . In Nepal, some have argued that a Community Forestry (CF) System could be utilized more fully to advance context-specific sustainable development targets [97, [142] [143] [144] [145] [146] ], but we highlight some important caveats. While decision-making in CF is largely community-driven, there are some cases in which women, poor and other marginalized groups have been systematically excluded from benefit sharing and the decision-making processes [97, 99, 143] . In addition, most CFUGs have a minimal concern for resilient forest ecosystems and biodiversity [99, 143] . These situations can be mitigated through education campaigns and equitable representation in decision-making groups [146] [147] [148] .
The use of ineffective or inappropriate SD indicators generates two major implications: (i) over/underestimation of accomplishments, and over/underrepresentation of the actual situation on the ground; and (ii) poor feedback to decision-makers (policy makers, donor agencies, development workers), risking the misallocation of resources and inappropriate policy actions. These shortcomings may have larger repercussions for developing countries, which are heavily reliant upon foreign aid for development expenditures. The UNs' decisions (based on tools such as those of the MDGs) with regard to global priorities have historically had a huge influence on the operational frameworks of UN affiliates, INGOs and NGOs [23, 27] . This, in turn, has a tremendous influence on resource allocation for national and local level programs.
More broadly, international declarations and commitments (such as MDGs) are a significant driver of policy convergence and harmonization [6, 141, 149, 150] . Growing environmental consciousness and governance in Nepal can be credited to numerous international commitments on biodiversity conservation and forest protection. As in many other least developed countries, SD in Nepal has been hindered by political, social, and geographical limitations. In comparison to many other developing nations, Nepal has fared well in a number of MDG indicators [38] . However, our review suggests that this progress must be examined more closely, as it may not reflect a more fine-scale inequality in development conditions. The participation of local experts and stakeholders can clarify the influence of context on this progress, and identify more relevant, practical and cost-effective indicators where necessary.
